In this study, an intermediate temperature ionic conductor, Ce0.95Eu0.05P2O7, was prepared by solid state reaction. The variation of conductivities with the pressure pH2O or time were studied. The highest conductivity of Ce0.95Eu0.05P2O7 sample was observed in dry air atmosphere at 300 °C to be 1.1 × 10 −4 S·cm −1 and in wet air atmosphere (pH2O = 7.4 × 10 3 Pa) at 100 °C to be 1.4 × 10
Introduction

Fuel cells operated at intermediate temperatures (100-600°C
) have been paid much attention since they can increase the operating life of the cells and decrease the risk of delamination of the cell components. [1] [2] [3] [4] For operation at intermediate temperature, two routes have been adopted. One is to develop the electrolyte membrane. The other more effective route is to search new electrolytes with higher ionic conductivities at intermediate temperature.
Pyrophosphate salts were known to exhibit high protonic conductivities in the 100-400°C temperature range. The structural characteristics of the sample was analyzed using XRD and SEM. Electrochemical properties were also investigated using some electrochemical methods at intermediate temperatures (100-300 o C).
Experimental
The initial molar ratios of phosphorus vs. metal ions, P ini / (Ce + Eu), should be controlled to be 2.3 due to a fraction of phosphorus loss in the process by vaporization. For the electrochemical determinations, round plate roughly 19.3 mm in diameter with a thickness of about 1.0 mm was produced. 20%Pd-80%Ag paste was smeared on both sides (area: 0.5 cm 2 ) of the sample which acted as electrodes. The impedance spectra were recorded over the frequency range from 0.1 Hz to 1 MHz with an electrochemical analyzer (CHI660E made in China). The conductivity measurements in dry and wet air atmospheres as a function of temperature or time were performed. For comparison, the CeP 2 O 7 sample was also prepared. The conductivity as the function of oxygen partial pressure (pO 2 ) was measured in the pO 2 range of 1-10 −20 atm. The pO 2 was accommodated by commixing O 2 , air, N 2 , H 2 O and H 2 in proper ratio, and measured using an oxygen sensor on line.
Results and Discussion
Structure of the Sample. For the ideal cubic structure, the tolerance factor t should equal one. The more t deviates from unity, the less stable the cubic structure. The incorporation of Eu into the CeP 2 O 7 lattice was conducted systematically because the large ionic radius of trivalent Eu is 0.095 nm, which is close to that of Ce 4+ (0.087 nm) in 6-fold coordination.
16 Figure 1 showed Figure 2 . From the SEM image, the sample exhibited a fine uniform microstructure, though there were some pores occur in sample. The relative density of the Ce 0.95 Eu 0.05 P 2 O 7 sample prepared in this study was estimated to be ~82.4%, somewhat lower than those reported for Sr
2+
and Mg
-doped CeP 2 O 7 prepared through similar heat treatments.
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Ionic Conductivities in Dry and Wet Air Atmospheres. Figure 3 showed ).
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It can be related to large difference in particle size and morphology of SEM image and the synthetic history. 3 Pa). The humidification was a slow process. For the interpretation of our data, we consider the introduction of hydroxyd ion into the samples by the following two reactions. Therefore, the contribution of hole conduction decreased and proton conduction appeared.
As can be seen from Figure 4 , there was about four orders of magnitude increased in conductivities and higher conductivity level could be achieved after about 50 h to reach a steady state. From this recovery it is concluded that the humidification process not only led to the formation of in the samples, as expressed by Eqs. (1) and (2), but also introduced some water species (H 2 O or H 3 O + ) into the samples, which can act as charge carriers and increase in conductivities. In order to investigate the ionic conductivities of the Ce 0.95 Eu 0.05 P 2 O 7 sample, the relationship between the conductivities and the oxygen partial pressure (pO 2 = 10 −20 ~ 1 atm) was measured. Figure 6 showed the plot of log σ ~ log (pO 2 ) in wet air atmosphere (pH 2 O = 3.2 × 10
3 Pa) at 100°C . It is clear that the conductivities were almost independent of pO 2 , confirming that Ce 0.95 Eu 0.05 P 2 O 7 was almost a pure ionic conductor at high oxygen partial pressure range. While in hydrogen-containing atmosphere, the protonic conduction becomes dominant as can be seen from Eq. (3). The total conductivities increased with the decreasing oxygen partial pressure indicated that it is a mixed conductor of ion and electron in hydrogen-containing atmosphere. This may 
